ABSTRACr Hair and urine samples were collected from 34 male tannery workers and from 12 normal adults. Eighteen of the workers dealt directly with chromium and the remaining 16 (controls) Large numbers of people working in different occupations may be exposed to chromium compounds. There is mention of nephrotoxic, hepatotoxic, and cardiotoxic effects of chromates in people in early publications.' 2 More recent reports have given a more detailed picture of the toxicity of chromium in people. Hexavalent chromium may cause skin ulceration, acute irritative dermatitis, allergic eczematous dermatitis, allergic asthmatic reactions, ulcerations in the mucous membranes, and perforation of the nasal septum. Chronic exposure to chromium compounds can also cause cancer in the respiratory organs and in the gastrointestinal tract.34 In addition, necropsy has shown renal tubular necrosis in a fatal case of dichromate ingestion.5 Animal experiments also indicate that chromates selectively produce proximal tubular damage.67 Gylseth et al found a high degree of correlation between inhaled chromium and urinary chromium concentration.8 The results of experimental studies have also indicated that after inhalation of water soluble chromates, the urine is the major route of chromium excretion.9 Therefore, urinary chromium determination seems to be the most reliable biological
system.
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Bichromates are widely used in dyeing and in the quick method of tanning leather. Tannery workers may thus be exposed to undue amounts of chromium. Health problems related to excess of chromium, hair chromium concentrations, and urinary chromium excretion were investigated in tannery workers in the present study.
Material and methods
The study was Hair samples were taken from the suboccipital area of the head immediately next to the scalp and stored in plastic bags. None of the subjects used any hair shampoo or colouring substance before the collection of hair samples.
Chromium content of hair was determined by the flameless atomic absorption technique using a Perkin-Elmer 503 double-beam atomic absorption spectrometer equipped with both an HGA-2100 graphite furnace and a model 56 recorder." 12 The validity of analytical methods was verified by the use of NBS Brewer's yeast, certified for chromium.
Since the above system lacks the capacity to correct for background signals in the analysis of urine samples, urinary chromium determinations were performed at the Human Nutrition Center, Nutrition Institute, USDA, Beltsville, Md, USA.'3 Urine samples were placed in metal free sterile polypropylene tubes with snap caps, sealed by wrapping parafilm around the caps, and placed in self sealing plastic bags. The samples were transported by air to the analytical laboratory. Prior analysis of the interlaboratory urine standards transported in the same manner had shown that such transport did not alter the urinary chromium concentration.
Urinary creatinine concentrations were determined by the Jaffe reaction'4 and f82-microglobulin concentration by radioimmunoassay (Phadebas f82-microtest Pharmacia Diagnostics, Uppsala, Sweden).
Results
The atmospheric concentration of chromium or chromate was not measured in this factory.
Saner, Yuzab4iyan, and 4:igdem Nevertheless, the absence of special ventilation facilities was noted. Therefore, the chromate-dust concentration in air may be high in this working area. The duration of employment of the workers ranged from one month to 30 years with a workday of eight hours; 10 of the 34 workers had an exposure time of two years or less, and 13 were exposed for more than five years. None of the workers showed clinical evidence of metabolic, gastrointestinal, or respiratory disease, or allergic reactions and skin alterations. Only one subject had a minimal albuminuria in routine urine analysis. ,82-microglobulin concentrations were within normal limits in each group, the f82-microglobulinlcreatinine ratios of tannery workers and controls were significantly lower than the values found in normal adults. A significant negative correlation was found between urinary (82-microglobulin/Cre and urinary Cr/Cre ratios of both the tannery workers and the controls (r = -0-53, t = 2-83, p<002). Table 2 shows hair chromium concentrations in the tannery workers, controls, and normal adults. No significant difference in hair chromium concentrations was observed between the tannery workers and controls. In three workers who deal directly with chromium the concentration was extremely (dealt directly with chromium) Controls (n = 13) 14-5 ± 2-9 (worked in the offices and kitchen of the same factory) Normal adults (n = 11) 0-559 + 0-071
Hair Cr Conc: tannery workers v normals, t = 3-7414, p < 0-001; controls v normals, t = 4-4557, p < 0001.
high with values of 54*9 ,ug/g, and 49-7 ug/g, and 37-2 ug/g. Mean hair chromium concentrations for tannery workers and controls were found to be significantly higher than those in normal adults. A significant positive correlation was found between hair chromium concentrations and Cr/Cre ratios in urine in the tannery workers (r = 0-48, t = 2-51, p = 0.02). Urinary chromium excretion and hair chromium concentrations were not significantly correlated with the duration of chromium exposure.
Discussion
This investigation has shown that the urinary excretion of chromium is greatly increased in tannery workers dealing directly with chromium as well as in office and kitchen workers of the same factory. The findings indicate that tannery workers, including those not dealing directly with chromium compounds, have a significant exposure to chromium. Although the atmospheric chromium concentrations in the different regions of the factory are not known, significant amounts must be diffusing into the air and be absorbed through the respiratory system. The presence of high hair chromium concentrations in both groups of workers shows clearly the absorption of environmental chromium and points to the possibility of overaccumulation under certain conditions. The significant positive correlation found between hair chromium concentrations and urinary chromium/creatinine ratios in these workers further shows that urinary chromium excretion can be used as an indicator of chromium exposure. The urinary excretion of chromium shortly after exposure to chromates has been reported to reflect accurately the dose.15 To investigate the possible nephrotoxic effects of chromium urinary 82-microglobulin concentrations were determined in the two groups of workers and in normal adults. A pronounced rise in the urinary excretion of,82-microglobulin may indicate proximal tubular damage.'6 Unexpectedly, the f2-microglobulin/creatinine ratios of tannery workers 265 and controls were found to be significantly lower than in the normal adults. Additionally, a significant negative correlation between the f82-microglobulin/ creatinine and Cr/Cre ratios was observed in these workers. The low f32-microglobulin/Cre ratios in tannery workers and in controls are hard to account for. We can speculate only that impaired synthesis or a decreased turnover of (82-microglobulin, or both, may be present in these workers and point to the need for further studies to explain these findings.
No correlations between the duration of exposure to chromium and hair and urinary chromium values were found. Values as high as 12-6 ,g/day and ,ug/day, however, were observed for urinary chromium excretion in two workers dealing directly with chromium compounds who had started the job only one month previously. Their hair chromium concentrations were ,tg/g and 4.4 Ag/g respectively. Urinary chromium excretion rates of ,ug/day and 1.2 ug/day were observed in office workers with a history of one and three months at the job, the hair chromium value of the latter being 2-4 ,ug/g. Such 
